Abstract-This study examined the longitudinal changes in generic health-related quality of life (QOL), prosthesis-related QOL, falls efficacy, and walking speed in men with lower-limb amputations up to 6 months following discharge from rehabilitation. Seven male unilateral transtibial amputees completed the Medical Outcomes Study 36-Item Short Form Health Survey, the Prosthesis Evaluation Questionnaire, and the Modified Falls Efficacy Scale at 1, 3, and 6 months postdischarge from rehabilitation. Walking speed was also recorded to objectively assess participants' mobility. Health-related QOL measures displayed increases, resulting in large effect sizes though not reaching statistical significance. Prosthesis-related QOL measures indicated that scales relating to the participants' prostheses improved and the support of significant others was the most positively scored variable. Walking speed increased by 0.12 m/ s, although it was not significantly related to indices of QOL or falls efficacy. Falls efficacy did not improve significantly during the study period, although it was strongly related to QOL (p < 0.05). These results provide a novel insight into how QOL and falls efficacy develop in people with lower-limb amputations, alongside changes in mobility, after discharge from rehabilitation. Further improvements in physical health following discharge may be required to elicit subsequent increases in overall QOL and concurrent improvements in falls efficacy.
INTRODUCTION
Experienced transtibial prosthesis users are able to complete activities of daily living (ADLs) effectively, and the successful completion of these tasks is an integral part of regaining an independent lifestyle [1] [2] [3] [4] [5] . However, psychological issues, such as how an amputee feels about his or her amputation and prostheses, are also important factors. Previous reports have suggested that in order to provide a complete assessment of the benefits of an intervention, evidence of its effect on health-related quality of life (QOL) must be reported [6] [7] [8] . People with recent lower-limb amputations will continue to adapt to using a prosthetic limb during ADLs as they rejoin the work place and participate in recreational activities including sport and exercise [9] [10] . These adaptations may lead to changes in an amputee's physical abilities and will likely have an effect on self-reported QOL.
Reports of QOL have varied, with people with lowerlimb amputation being equal to or higher [11] [12] and lower [8] [9] [10] [13] [14] than normative reference data, indicating that no general consensus exists on how amputation affects QOL. However, a higher level of amputation (e.g., transfemoral vs transtibial) has been associated with decreased QOL [15] . Mental health is reportedly higher than physical health in people with lower-limb amputations, although studies have found physical health is more closely related to overall QOL [9] [10] [11] [12] [13] [16] [17] [18] . Factors affecting mental health include depression, which is considered an important predictor of QOL [11] , as well as the aesthetics of the prosthesis [13, 16] and employment status [8] . Studies have also shown QOL to be highly related to both the physical [13] [14] and social [19] aspects of an amputee's life, as well as being closely associated to the functioning of his or her prosthesis [8, [12] [13] .
Assessment of the temporal aspects of QOL in people with lower-limb amputations has been limited [12, 20] . Studies have linked physical functioning with QOL and reported stable levels of QOL across rehabilitation [12, 20] . Zidarov et al. referred to a "response phenomena" when interpreting results, suggesting that as people with amputations regained physical capacity, expectations of physical ability also increased, resulting in a consistent level of QOL being reported. Coupled with the links between walking ability and QOL [20] , results have suggested that as people with amputations regain mobility, there is a positive effect on QOL.
Increased QOL may also have a beneficial effect on an amputee's fear of falling. Falls efficacy is reportedly reduced in people with amputations when compared with a community-dwelling elderly population [21] [22] [23] . This finding has been attributed to the fact that people with lowerlimb amputations expect to fall because of their physical constraints or while attempting tasks of increasing difficulty [22] . Although a fear of falling has been linked with reduced QOL, the longitudinal aspects of falls efficacy in people with lower-limb amputations have not been thoroughly investigated, nor has an amputation-specific measure of falls efficacy been developed [22] [23] .
Although a profile of lower-limb amputee QOL and falls efficacy has been presented, the literature points to a paucity of longitudinal studies in this area of research [14] . Understanding the changes that occur in QOL and falls efficacy over time following discharge from rehabilitation is important for this population. This may have long-term implications with regards to mobility and social reintegration as well as participation in future physical activity and employment.
PURPOSE AND OBJECTIVES
The current study had five objectives, all of which investigated changes reported from a unilateral transtibial amputee population in variables across three time points: 1 month, 3 months, and 6 months postdischarge from rehabilitation. The objectives were to-1. Investigate changes in generic health-related QOL, using the Medical Outcomes Study 36-Item Short Form Health Survey (SF-36). 2. Investigate changes in prosthesis-related QOL, using the Prosthesis Evaluation Questionnaire (PEQ). 3. Examine the changes in falls efficacy using the Modified Falls Efficacy Scale (mFES). 4. Examine the relationship between falls efficacy and indices of QOL (factors of SF-36). 5. Examine the relationship between an objective measure of mobility (walking speed) and indices of QOL (factors of SF-36) and falls efficacy.
METHODS

Participants
The initial approach to participate in the study was made by the physiotherapy team, and participants consented to be contacted by the principal investigator following their final physiotherapy treatment. Seven male unilateral transtibial amputees participated in the current study, having followed a course of rehabilitation within a National Health Service physiotherapy department (Table 1) . Initially, participants had the study explained to them by physiotherapists and agreed to be contacted by the principal investigator.
Ethical Considerations
Inclusion criteria stipulated that participants had a unilateral transtibial amputation and were at least 18 yr of age. Participants were required to have completed specialist amputee rehabilitation within the previous 4 weeks before consenting to participate in the study. Further inclusion criteria required participants to be able to use their prosthesis without pain or discomfort and complete a number of functional tasks without the use of a walking aid, for example, walking 5 m and stepping over an obstacle. The suitability of a participant's ability to complete these tasks was assessed by experienced physiotherapists who regularly dealt with lower-limb amputee rehabilitation. Participants were excluded from the current study if they had any current musculoskeletal injuries or cognitive deficits. Participants were also excluded if they had a bilateral or transfemoral amputation. Lastly, participants were excluded if they did not use their prosthesis regularly or experienced pain or discomfort while doing so.
Instruments and Data Analysis
The questionnaires were collected and scored by the same researcher, and the data were manually inputted into a Microsoft Excel workbook (Microsoft Corp; Reading, United Kingdom). Walking speed (meters per second) was recorded using a 10-camera motion capture system (Qualisys; Gothenburg, Sweden) as participants walked along a 10 m walkway. Participants walked at a self-selected pace during a gait analysis testing session, providing objective data regarding mobility.
Medical Outcomes Study 36-Item Short Form Health Survey
The Medical Outcomes Study SF-36 is a generic measure of health status and is one of many available tools that allow clinicians and researchers to assess selfreported QOL [24] . The SF-36 produces an eight-scale profile of health, namely Physical Functioning, Role Physical, Bodily Pain, General Health, Vitality, Social Functioning, Role Emotional, and Mental Health. It also produces a Physical Component summary (PCS) and Mental Health Component summary (MCS), as well as an overall or total QOL score [6] .
Although there is no amputation-specific version of the SF-36, the paper-based UK version of the SF-36 was used to assess changes in transtibial amputee generic health-related QOL in the current study. The SF-36 has been used previously to assess QOL in people with lower-limb amputations of varying levels [9] [10] [25] [26] , suggesting it is a valid tool for use with this population.
The SF-36 scoring system is such that a higher score indicates improved health status in relation to that scale. Scoring of the SF-36 follows a three-step procedure according to the author guidelines: item recoding, raw scale score computing, and transformed scale score computing [24] . The item-recoding procedure involved taking the manually inputted raw precoded data and assigning a recoded value to each item score. Once the data had been recoded, a raw scale score was calculated as a simple algebraic sum of the item responses for a particular scale. Once the raw scale score had been calculated, it was then transformed.
Transformation of the raw scale scores to a 0-100 scale allowed for comparison between studies, including those using different or previous versions of the SF-36 [24] . In addition to the transformed scores for each of the eight SF-36 scales, it is possible to compute higher order dimension scores for the PCS and MCS as an arithmetic mean of the associated scale scores. A total SF-36 score was computed as the arithmetic mean of the PCS and MCS.
Prosthesis Evaluation Questionnaire
The PEQ is a measure of prosthesis-related QOL developed for use within rehabilitation research because Table 1 . Individual characteristics of participants with unilateral transtibial amputations.
* All ankle-foot complexes allowed for similar axial movement with addition of specific differences highlighted.
† Shock absorbing ankle-foot complex. of the lack of a specific lower-limb amputation or prosthesis-related QOL measure [27] . The PEQ consists of 82 items; 42 of these items produce a nine-scale profile of health, namely Ambulation, Appearance, Frustration, Perceived Response, Residual-Limb Health, Social Burden, Sounds, Utility, and Well-Being. The scales are independent and can be assessed in isolation. Some of these scales pertain to more generic QOL issues, such as Social Burden, whereas others are more specific to people with lower-limb amputations, such as Residual-Limb Health. The PEQ has been used in a variety of scientific investigations pertaining to people with lower-limb amputations that have provided evidence for the efficacy of the PEQ and its subscales in the assessment of prosthesis health-related QOL [11, [22] [23] [28] [29] . Scale scores for the PEQ were calculated using the arithmetic mean of the item scores contained within the relevant scale. The scoring system of the PEQ is such that a higher score indicates a more positive score. At least half the items within a specific scale must be answered to retrieve a valid scale score. Because the scales were individually validated and tested for reliability, each scale can be used and interpreted individually.
Modified Falls Efficacy Scale
The mFES is a self-report measure of an individual's self-perceived ability to complete a task without falling [30] . The mFES consists of 14 items aimed at assessing falls efficacy during both indoor and outdoor activities. Examples of the 10 items assessing indoor activities are getting dressed and bathing; crossing roads and using public transport are examples of the 4 outdoor activities assessed. The mFES has been used in empirical research investigating falls within a community-dwelling elderly population [31] , improvements in fall rates in the elderly via training [32] , and in analyses of the effect of fear of falling on gait in the elderly [33] .
The overall mFES score was calculated as the arithmetic mean of all 14 item scores. The scoring system of the mFES is such that a higher score indicates greater falls efficacy. The arithmetic mean of relevant items was used to calculate Factor One (indoor activities), Factor Two (outdoor activities), and total or overall mFES scores.
Experimental Design and Protocol
Participants attended a standardized number of data collection sessions at 1, 3, and 6 months postdischarge from rehabilitation, during which they were required to complete the SF-36, PEQ, and mFES upon arrival at the Human Performance Laboratory and before walking along a 10 m walkway at a comfortable, self-selected walking speed. Participants were encouraged to respond to questions based on their own interpretation, and if required, questions were repeated verbatim by the researcher.
Statistical Analysis
Group averaged mean values were used for statistical analysis. A repeated measures analysis of variance was performed with repeated measures on the factor of time (1 month, 3 months, 6 months). In relation to the study aims, this statistical model allowed for the analysis of changes in multiple measures of QOL, falls efficacy, and walking speed. The underlying assumption of sphericity of the data was verified, and where this was violated, adjustments to the degrees of freedom following the Greenhouse-Geisser method were applied. In the instance of a significant time main effect, post-hoc comparisons were conducted using a Sidak adjustment. Estimates of effects sizes were reported as partial-eta squared (η p 2 ) with their magnitude being interpreted using the convention of 0.0099 (small effect), 0.0588 (medium effect), and 0.1379 (large effect) [34] . The relationships between QOL and falls efficacy and between walking speed, QOL, and falls efficacy were assessed using Pearson correlation coefficient (r). The underlying assumption of normality of the data was verified using the Shapiro-Wilk test, and where this was violated, data were analyzed using Spearman correlation coefficient (r s ). Estimates of the strength of relationships were interpreted using the convention 0.10-0.29 (weak), 0.30-0.49 (medium) and 0.50-1.00 (strong) [34] . All statistical tests were conducted using IBM SPSS 19.0 (IBM UK Ltd; Portsmouth, United Kingdom). The alpha level of statistical significance was set at p  0.05.
RESULTS
Group mean ± standard deviation data are presented from all time points following discharge from rehabilitation for all participants in Figures 1-4 and Table 2 . Walking speed increased by 0.12 m/s between 1 and 6 months postdischarge from rehabilitation. This increase (p = 0.16), while not statistically significant, resulted in a large effect size (η p 2 = 0.27). Changes in Generic Health-Related Quality of Life Group mean scores for the eight scales, component summary, and total SF-36 are presented in Figure 1 and Table 2 . With the exception of Vitality and Mental Health, the SF-36 scales displayed increases between 1 and 3 months and 3 and 6 months postdischarge from rehabilitation. A statistically significant increase for Role Emotional was reported between 1 and 6 months postdischarge from rehabilitation, where scores increased twofold (p = 0.03, η p 2 = 0.44). Although many of the remaining increases were not statistically significant, large effect sizes were observed for changes in Physical With regard to the component summary scores, the MCS increased by 14.3 percent between 1 and 6 months postdischarge, and although this was not statistically significant, a large effect size was observed (η p 2 = 0.22). However, scores from the PCS were lower than the MCS and did not change significantly between 1 and 6 months postdischarge (p = 0.49). The observable increase in total SF-36 scores was not statistically significantly (p = 0.29), although a large effect size was produced (η p 2 = 0.19). 
Changes in Prosthesis-Related Quality of Life
Group mean scale scores from the PEQ are presented in Figure 2 . Figure 2 displays the increases in scores for scales pertaining to participants' prostheses between 1, 3, and 6 months postdischarge from rehabilitation, Utility (21.2%, η p 2 = 0.31), Sounds (49.0%, η p 2 = 0.26), Frustration (24.0%, η p 2 = 0.12), and Appearance (21.8%, η p 2 = 0.33); however, these did not reach statistical significance. The perceived reaction of close family members and friends (Perceived Response) was not reported to have changed significantly over time (p = 0.63) and was consistently the most positive score for participants in the current study. There were no significant changes on the remaining scales of the PEQ.
Changes in Falls Efficacy
Group mean overall, Factor One, and Factor Two mFES scores are presented in Table 2 and Figure 3 . Overall falls efficacy did not change over time (p = 0.36, η p 2 = 0.16). Further analysis highlighted that this trend was task independent, because no significant changes were observed over time for indoor (Factor One) (p = 0.34, η p 2 = 0.16) or outdoor tasks (Factor Two) (p = 0.33, η p 2 = 0.17). This suggested that participants' self-perceived ability in executing ADLs without falling indoors or outdoors was similar as time passed following discharge from rehabilitation.
Relationship Between Falls Efficacy and Quality of Life
Strong positive relationships were observed when correlating QOL (Total SF-36) with overall falls efficacy (Total mFES) at 1 month (r(5) = 0.99, p < 0.01), 3 months (r(5) = 0.99, p < 0.01), and 6 months (r(5) = 0.78, p = 0.02) postdischarge from rehabilitation (Figure 4) . These strong positive relationships were also produced when correlating QOL with participants' falls efficacy of conducting both indoor (mFES Factor One) and outdoor (mFES Factor Two) activities at 1 month (r (5) 
Relationship Between Walking Speed, Quality of Life, and Falls Efficacy
No statistically significant correlational relationships existed between walking speed and any of the indices of QOL or falls efficacy (Figure 4) . However, interestingly, the difference in the strength of correlation coefficients between walking speed and physical health and walking speed and mental health was greater at 1 month (r = 0.23 in favor of physical health) than at 6 months postdischarge (r = 0.03 in favor of mental health).
DISCUSSION
The scientific literature has reported various aspects of QOL in people with transtibial amputations [9] [10] [11] [12] [13] . However, the longitudinal development of QOL and falls efficacy following discharge from rehabilitation has not been investigated.
In the current study, mental health, as represented by the SF-36 MCS score, improved between 1 and 6 months postdischarge from rehabilitation. Although this increase Table 2 . Group mean ± standard deviation scores, alpha values (p-value), and effect sizes (η p 2 ) on SF-36 (generic health-related QOL), PEQ (prosthesisrelated QOL), and mFES (falls efficacy). Higher scores reflect increased QOL and increased falls efficacy. was not statistically significant, it was likely clinically meaningful given the magnitude of the associated effect size [35] [36] . In agreement with previous reports, SF-36 MCS scores were higher than PCS scores [9] [10] [11] [12] [13] . The findings from the current study correspond with previous reports [11] [12] , although equivocal findings suggest that further research is required [9] [10] 27] . Allied to this, prosthesis-related QOL tended to show greater improvements and magnitudes of effect sizes in scales pertaining specifically to amputees' prostheses. These improvements may be expected because of the stabilization of the condition of the residuum coupled with further adjustments to the prosthetic components and socket. Importantly, the current results support the use of a population-specific QOL measure that assesses disease-specific health concerns beyond general mental and physical health.
The lack of significant improvements in self-reported physical health, increase in walking speed, and nonsignificant correlation between these variables provide some support for the response phenomena hypothesis previously reported [12] . Given that mobility, as reflected by walking speed, at 6 months following discharge was slower than that reported with more experienced prosthetic users [3] , future gains in physical functioning could be predicted, and thus, expectations regarding future improvements may have been heightened. Therefore, when reporting on their physical health, participants may have reflected on their current level in relation to a level they were expecting to achieve. Even with improvements in mobility and subsequent physical health, the status quo may not have matched an individual's expectation; thus, the self-reported physical health remained unchanged. Another interpretation could be acceptance on the part of the person with amputation that his or her physical functioning was decreased when compared with a nondisabled individual, because questions related to the general health scale required the amputees to reference their health state to other people. Therefore, reports of physical health were reduced, although mental health increased as the social and psychological impact of amputation decreased. Findings from a previous investigation of QOL in people with lower-limb amputations during rehabilitation reported a positive link between walking ability and QOL [20] . However, this trend did not appear fully applicable postdischarge from rehabilitation as displayed by the moderate, not statistically significant relationship between physical health (SF-36 PCS score) and walking speed at 6 months postdischarge from rehabilitation.
The perceived response of "significant others" was consistently the most positive response score from prosthesis-related QOL assessment and did not change significantly over time, indicating that participants had good support from family and friends. An investigation of the effect of perceived response on mental health would be interesting, as it may reveal this to be an important factor affecting people with lower-limb amputations' mental health following discharge from rehabilitation. This would have implications for people with amputations who may not have the perceived social support observed in the current study group.
Falls efficacy did not change significantly over time; however, strong positive relationships were reported when indices of falls efficacy were correlated with indices of QOL. The results from the current study support previous literature linking falls efficacy to QOL [22] [23] . However, previous studies by Miller et al. assessed QOL using only the Mobility subscale of the PEQ, reflecting QOL in a physical sense [22] [23] . Results from the current study suggested that falls efficacy was also linked to the mental health aspect of QOL. Therefore, assessment of mental health should be incorporated when relating QOL to falls efficacy in people with lower-limb amputations. The relationship between QOL and falls efficacy in this population warrants further investigation.
Analyses of participants' falls efficacy while undertaking indoor (Factor One) and outdoor (Factor Two) activities also displayed no significant changes over time and were similar at 6 months postdischarge. Together, these findings suggested that neither factor had an increased contribution to overall falls efficacy in people with lower-limb amputations. However, reduced falls efficacy while undertaking outdoor activities compared with indoor activities has been observed in elderly fallers [30] . Given the increased falls rate in people with lowerlimb amputations, the relationship between mobility and the different factors of falls efficacy would benefit from further investigation, because a disparity between the falls efficacy of performing indoor versus outdoor activities may be expected [22] [23] 30] .
The lack of statistical significance observed in the SF-36 analyses could be hypothesized as being the result of a lack of sensitivity in the measurement tool when used within the current participant group. However, the SF-36 has been utilized previously within a lower-limb amputee population [9] [10] [25] [26] . Equally, the large effect sizes and lack of statistical significance of results obtained from the PEQ and mFES may reflect reduced statistical power as a result of the relatively small sample size. Thus, results from the current study could be treated as exploratory in nature, forming the basis for future investigation. Limitations related to sample size and recruitment issues are likely to be an inherent problem when investigating the clinical population in question.
CONCLUSIONS
The current study has provided a novel insight into how QOL and falls efficacy develop once people with lower-limb amputations are discharged from a rehabilitation program. Observable and, perhaps, clinically meaningful changes in QOL and falls efficacy were reported, resulting in large effect sizes. However, as a result of the small sample size, many of these changes were not statistically significant. Mental health was increased in comparison with physical health, suggesting that increases in physical health over time would be required to elicit further increases in overall QOL. Changes in indices of falls efficacy were seen to be equally linked to physical and mental health, and this would suggest that further increases in either aspect of health over time may improve falls efficacy. The changes in overall falls efficacy were mirrored by the changes observed in falls efficacy during indoor (Factor One) and outdoor (Factor Two) activities. Neither factor seemed to contribute more than the other to overall falls efficacy. Studies employing greater participant numbers may further elucidate the novel effects and relationships discussed in the current study.
